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Effective Hydrotesting methods during low temperatures using the minimum design metal temperature (MDMT).

George Wright | Research Proposals | 27th October 2018

1.0 Abstract
2.0 Study Problem
I currently work for Valero Energy in Pembroke who specialize in refining crude oil to make various products which are then sold to the end customer. Below is a simple diagram showing the refining process of crude oil:
[image: ]
Figure 1: Shows the refining process of crude oil. Products such as jet, diesel fuel, propane, fuel gas and petrol are all end products of this process. (Stribling 2018)

As these units operate continuously Valero needs to ensure each unit is operating at its full production capacity. To maintain this production individual operating units in the refinery are shutdown during set periods, to carry out statutory inspections, repairs and planned maintenance that cannot be done when the plant is operating (Bijvank 2004). For Valero these units are normally planned for shutdown at the start of the new year, during winter, where demand for Valero’s products are lower than in the summer. Figure for quarter 1 income.
Some statutory inspections and repair packs, once completed, are followed up with a hydro-test to comply with HSE and Valero inspection requirements [stated in ASME B31.3 345.1 page 122]. It is this hydro-testing that presents a problem to Valero if outside temperatures are low. In this scenario it is vital to consider the minimum design metal temperature (MDMT) of the material [as stated in ASME B31.3 345.2.2 (c) page 123]. Below this MDMT the material undergoes a ductile to brittle transition (DBT) that could change the properties dramatically. This can be seen in figure 1 below for some metals:
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Figure 2: Illustrating the ductile-brittle transition for some metals. A metal can show ductility at high temperatures but be brittle at low (UNSW Sydney 2014).
[bookmark: _GoBack]The DBT is seen in body centered cubic structures for example low carbon steel but this tends to be at low temperatures (Doitpoms.ac.uk, 2018). Referring to figure 2, for high temperatures some metals are ductile and therefore can absorb more energy until they fracture. At higher temperatures the metal tends to deform first rather than fracture. In lower temperatures the metal suddenly becomes brittle and thus less energy is needed to see a fracture. At these temperatures the metal will tend to fracture instantly without deforming. It is this brittle nature in materials used in oil refineries that is an area of concern.
In Valero, if the equipment or component is under high stress, which happens during hydro testing, and it is under the MDMT, there is a possibility that the material could fracture as it less ductile. This could cause a catastrophic outcome to the plant, workers on site and an economic impact on the company. An example of this was in September 1998 at the Esso natural gas plant at Longford. An explosive took place as a heat exchanger became brittle after being exposed to considerable low temperatures after a plant failure. The equipment fractured after sudden re-introduction of high temperature service fluids which resulted in a large amount of gas being released. This found a source of ignition causing an explosive causing two fatalities and eight injuries. Esso were charged and fined one million Australian dollars, and the result of the explosion left a two-week cut in gas supplies in the state (BBC News 2001).
To avoid such an outcome Valero would wait for outside temperatures that are higher than the MDMT. This waiting period can cause shutdowns to be longer than planned. During a shutdown Valero, or any other refinery, is not producing products at a maximum rate as it would normally with all units operating. Therefore, the longer the shutdown runs for, the more money is lost. Figure for showing unit profit costs to the refinery.
The purpose of this study is to find an effective method of hydrotesting during low temperatures to prevent shutdown delays when taking into consideration the MDMT. In addition, alternative materials with a lower MDMT will be investigated as a possible use instead.

3.0 Rationale/Relevance of the Project
In Valero there is no known procedure to carry out hydrotesting of equipment when outside temperatures, or the test medium, are lower than the MDMT of the equipment that is being tested. The aim of this research is to generate new knowledge to Valero that will not delay shutdowns and so allow hydrotesting to proceed when outside temperatures are lower than the MDMT. The outcome of this will allow Valero to successfully start the units up on time and allowing their products to be refined at a maximum rate and meet customer demands.

4.0 Literature Review
The UK has several statutory laws that relate to the health and safety of personnel, to the environment, plant and equipment during hydrotesting. The pressure systems safety regulations 2000 (PSSR) act looks at preventing serious injury resulting from a failure of a pressure system or one of its components (Hughes and Ferrett 2011). Additionally, there is the pipeline safety regulations 1996 act that states the designing of pipework, along with any modifications to it, should be made safe within its operating conditions as low as reasonably practicable (Legislation.gov.uk 2018). Both acts need to be taken into consideration when researching alternative methods and exploring the use of other materials during hydrotesting in temperatures below the relevant MDMT. 
To find and consider alternative methods we need to understand what is currently being used in Valero. Additionally, to explore the use of different materials when hydrotesting in low temperatures we need to look at what past experiment techniques have been used previously to analyze the ductile to brittle transition.
4.1 Valero Mechanical Contractors 
Currently Valero have two main mechanical contractors that carry out hydrotesting of equipment after completion of a statutory inspection or repair pack; that is Cape plc and Jenkins and Davies engineering. Both companies have written method statements and risk assessments in hydrotesting equipment which have been approved by Valero health and safety officers and operations; these are referenced in the appendices A and B. However, both companies’ method statements and risk assessments fail to mention a procedure to follow if the MDMT of the material is breached. Normally when this happens the Valero coordinator, with the assistance of the inspection engineer, will put the job on hold until temperatures are above MDMT. 
Recently an engineering work order has been raised in October 2018 to find the MDMT on several pieces of equipment that are planned for hydrotesting during Valero’s quarter 1 outages; the Visbreaker De-coke/inspection and the Hydro treater 1 and Hydrogen catalyst change outs. However, this does not address a method for hydrotesting in the event of low temperatures below the MDMT. 
4.2 Current materials in Valero and ASME B31.3 2016
When Valero undergoes planned maintenance, which could involve upgrades to equipment to improve reliability, statutory inspections or replace sections of lines that have severely corroded, set engineering standards must be followed when implementing the work scope required. One example of this is the piping and material service specification (PMSS). Appendix C shows one example of this. Each one of these specifications has been generated by Valero for piping that are in different services, pressure and temperature. These specifications have been directly generated and designed from referencing ASME B31.3, which is a code of requirements for various plants including the oil and gas industry. Careful referencing and use will allow companies to comply with their relevant jurisdiction (Asme.org 2018).
A common material that is used for piping down Valero is carbon steel (CS) A106 grade B. A106 is specifically designed for high temperature service for seamless CS piping and has a minimum design temperature of approximately -29 ℃. Below this temperature we begin to see the ductile to brittle transition. Referring to figure 3, which shows the average low temperatures throughout the year at Valero (Pembroke), the lowest temperature we see is about +2 ℃ in February (normal shutdown period). 

[image: ]
Figure 3: Yearly minimum temperature in Pembroke average from 1981 to 2010 (Metoffice.gov.uk 2018).
Therefore, Valero don’t tend to have problems with the DTB transition during the hydrotesting of CS A106 grade B pipes. In fact, it is the hydrotesting of heat exchangers Valero has a problem addressing with the DTB transition around these temperatures of +2 ℃.
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Figure 4:

4.3 Ductile to Brittle Transition Experiments
4.3.1 Charpy Impact testing of Mild Steel (Sutar et al 2014)
The Charpy impact test was used by Sutar et al (2014) to look at the critical DTB transition of mild steel. This was where the mild steel would lose all of it’s ductility and becomes brittle. The mild steel, the specimen, used was composed of carbon, manganese, phosphorous, sulphur, silicon, lead and iron. This specimen was prepped with a 2mm in depth notch with an angle of 45⸰ and set up in the Charpy impact test as show below in figure 5:
[image: ]
Figure 5: The layout of the Charpy test with the notch in the specimen (TWI 2018).

In addition, the Charpy test used in this experiment had the specifications shown in figure 6:

[image: ]
Figure 6: Showing the specifications of the Charpy test used by Sutar et al (2014).
The mild steel specimen was soaked in liquid nitrogen prior to testing for ten minutes to obtain a low temperature. The hammer was used at a lower height when the specimen was at 0℃ or below and at a higher height when the temperature was more than 0℃. For the desired temperature the hammer would than be released and impact the specimen fracturing it in the progress. From the scale the value of the impact energy absorbed, which causes the fracture, by the specimen was recorded. From this a graph of specimen temperature against impact energy absorbed was generated and used to determine the DTB transition. The results of the experiment are shown in figure 7:

[image: ]
Figure 7: Showing the results of temperature of the mild steel against the energy absorbed by Sutar et al (2014).
Sutar et al (2014) concluded from these results that the critical DTB temperature of mild steel was between -90℃ to -80℃.

Specific Study Objectives
There is one specific study objective of this research proposal and that is to find an effective method of hydrotesting equipment when the test medium or outside temperatures are lower than the MDMT of the material being tested. One further objective is to explore the possibility of using alternative materials.
Research Methods

Ethical Considerations 

Work Plan

Budget
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